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® Heated cover device. 



® A heated cover for a receptacle containing a 
vaporlzable substance. The cover is heated to a 
temperature above the temperature of the substance 
so as to prevent condensation of vapor evaporated 
from the substance. A device for placing and remov- 



ing the cover with respect to the receptacle is de- 
signed in connection with a temperature-controlled 
heating/cooling plate which controls the temperature 
of the contents of the receptacle. 
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HEATED COVER DEVICE 



BACKGROUND OF THE INVENTION 

1. Reld of the Invention 

The present invention relates to covers for re- 
ceptacles and more particularly to a heated cover 
which reduces evaporative loss of a material held 
in a receptacle and a device for placing and remov- 
ing the cover on the receptacle. 

2. Description of Related Art 

Some materials, in liquid or solid form, will 
gradually evaporate even at a relatively low tem- 
perature such as room temperature. The rate of 
evaporation Is dependent in part on the volatility of 
the material, the temperature of the material and 
the environment to which the material Is exposed. 
Unless evaporation is purposely intended, evapora- 
tion of material is generally undesirable since the 
evaporation process involves a loss of material and 
a change in the concentration of the material re- 
maining in the container. 

Evaporation from an open container can be 
reduced to some extent by covering the opening of 
the container. However, in situations when a small 
amount of material is left in a container for a 
prolonged period of time, for example, repeated 
heating during DNA sequencing reactions, the rate 
of evaporation Is too rapid for the small amount of 
sample available even with the container covered. 
Furthermore, the evaporated material tends to con- 
dense and adhere onto the cool underside of a 
cover. Thus, the volume of material in the container 
is being reduced both by evaporation and con- 
densation because the condensate which adheres 
to the cover will be removed from the container 
when the cover is lifted away. Moreover, for a 
mixture of different types of materials, the overall 
concentration of the mixture components remaining 



on the underside of the cover and thus reduces 
evaporative loss of the material. 

In another aspect of tiie present invention, the 
device further comprises a mechanism which auto- 

5 matically places on and removes the cover from 
the receptacle. The device may also include a 
temperature controlled heating/cooling plate for 
controlling the temperature of ttie receptacle and 
Its contents while it is covered by tiie heated cover. 

10 As an example, application of the present invention 
to DNA sequencing analysis will be discussed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Fig. 1 is a perspective view of a multi-well 

receptacle covered with a heated cover in accor- 
dance with one embodiment of the present inven- 
tion. 

Fig. 2 Is a top view of a heated cover accord- 
20 ing to one embodiment of the present invention. 

Fig. 3 is a section view taken along line 3-3 of 
the heated cover In Rg. 2. 

Rg. 4 Is a perspective view of an automated 
laboratory workstation which incorporates a cover 
25 attachment for placing and removing the heated 
cover with respect to a receptacle on the work- 
station. 

Fig. 5 is a perspective view of the cover attach- 
ment in accordance with one embodiment of the 
30 present invention. 

Fig. 6 is a simplified sectional view of tiie cover 
attachment of Rg. 5. 

DESCRIPTION OF THE ILLUSTRATED EMBODI- 
35 MENTS 

The following description is of the best pres- 
ently contemplated mode of carrying out tiie Inven- 
tion. This description is made for the purpose of 
40 illustrating the general principles of the invention 



in the container will change as a result of evapora- 
tion. It is important in some situations to maintain a 
constant concentration, such as In DNA sequencing 
reaction processes. 

SUMMARY OF THE INVENTION 

The present invention is directed to a device 
and a method for reducing the evaporative loss of 
a material which is held in a receptacle. The device 
comprises a cover which is being "heated" 
(temperature controlled) to a temperature above 
that of the solution to establish a temperature gra- 
dient across the space between the cover and the 
solution. The heated cover prevents condensation 



and should not be taken in a limiting sense. The 
scope of the invention is best determined by refer- 
ence to the appended claims. • 

The present invention will be described with 

45 reference to applications in the area of DNA re- 
search. It will be appreciated that the present in- 
vention can be applied to other areas, for scientific 
purposes or otiierwise, in situations where evapora- 
tive loss of a material, in solid or liquid form, held 

30 in a container is to be minimized. 

In DNA research, biological and chemical as- 
says often require holding the specimen in recepta- 
cles for a prolonged period of time. Referring to 
Rg. 1, a multi-well receptacle 10 is shown which is 
used to hold DNA reagents, such as DNA poly- 
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merase and DNA templates in a solution 12 In the 
wells 14. As will be explained In greater detail 
below, the receptacle 10 may be adapted to be 
incorporated in an automated laboratory worksta- 
tion such as the BIOIWEK® 1000 developed by 
Beckman Instruments, Inc. which performs a se- 
quence of functions automatically to the solution 1 2 
without intervention by an operator. 

For some analysis, it is necessary to warm the 
receptacle 10 to a controlled temperature to accel- 
erate chemical reaction of the DNA material. At the 
elevated temperature, the solution 12 tends to 
evaporate at a higher rate. To reduce evaporation 
and consequent loss of material from the recepta- 
cle 10, it is covered with a cover 16 (indicated by 
dotted outlines) which is heated to above the tem- 
perature of the solution 12 contained in the recep- 
tacle 10. It has been found that the desired effect 
can be achieved by maintaining the temperature of 
the cover 16 at a temperature 5* C higher than the 
temperature of the solution 12. The space below 
the cover 16 experiences a gradual temperature 
gradient from the warmer cover 16 to the cooler 
solution 12, thereby preventing condensation from 
occurring on the cover. 

The detail structure of the cover 16 is shown in 
Rgs 2 and 3. The cover 16 is sized to cover the 
entire top area of the receptacle 10. Referring to 
Fig. 3, the cover 16 has two thin plates 18 and 20 
made of rigid, heat tolerant material. It has been 
found that ceramics, glass, or silicon rubber, for 
example, are acceptable materials for the plate 20. 

Sandwiched between the plates 18 and 20 is 
an electrical resistive heating element 22 which 
may be in the form of a small diameter Nichrome 
wire or formed by depositing resistive materials 
such as Nichrome or stannous oxide on one of the 
plates. As an example, a 36 gauge Nichrome wire 
with a resistivity of 1 2 Ohms per foot may be used 
to provide sufficient heating to the cover 16. The 
heating element 22 is configured in a serpentine 
fashion across the area of the plates 18 and 20 so 
as to provide uniform heating across the cover 16. 
A filler material such as epoxy may be usflri tn 



controlling the power supply 24 for obtaining a 
desired temperature. 

It is emphasized that the "heating" of the cover 
16 described above is in reference to the tempera- 

5 ture of the volatile substance. In the examples 
described throughout the disclosure herein, the 
temperature of the substance in the receptacle is at 
or above ambient temperature. It is contemplated 
that for situations in which the temperature of the 

10 substance is below ambient temperature, it may be 
desirable to cool the cover to a temperature below 
ambient but above the temperature of the sub- 
stance vapor. This is to maintain minimum tem- 
perature differential between the cover and the 

15 substance so that the temperature of the cover 
would not affect the controlled temperature of the 
substance in the receptacle. 

Frequently, in laboratory experiments involving 
biochemical compounds such as DNA, it is neces- 

20 sary to maintain a temperature for a period of time 
that will retard or accelerate or in some way en- 
hance a reaction. Temperature is used to control 
rates of biochemical reactions, in this particular 
case the enzymatic extension of long chain mol- 

25 ecules such as DNA. Sometimes higher tempera- 
tures are used to dissociate the double stranded 
chain of the DNA molecules. Cooling is used to 
reassociate the separated chains with complimen- 
tary primer DNA molecules. In these examples, 

30 timing of the application of the heating or cooling of 
the chemical compositions can play a paramount 
role in the results and extensive evaporative loss of 
the chemical compositions can affect the results of 
the experiments. The present invention provides an 

35 attachment for use on an automated laboratory 
workstation to control the temperature of the 
chemical compositions while reducing evaporative 
loss. 

A mechanical means of automatically placing 
40 and removing the heated cover on and from the 
receptacle 10 has been developed in connection 
with the Beckman BIOMEK® 1000 automated lab- 
oratory workstation. Referring to Fig. 4, a perspec- 
five view of an automated laboratory workstation 30 



secure the plates and to fill the voids between the 
plates 18 and 20. The epoxy retains and distributes 
the heat within the cover 16. 

The heating element 22 Is connected to a 
variable power supply 24 which can be controlled 
to provide current for heating the cover 16 to a 
desired temperature. The leads 26 and 28 between 
the power supply 24 and the heating element 22 
may be flexible and configured to avoid stress in 
the leads 26 and 28 so that the cover 16 can be 
moved without restriction, e.g. by a robotic means 
in an automated laboratory workstation. A tempera- 
ture sensor 30 may be provided on the cover 16 to 
measure its temperature and provide feedback for 



45 similar to the BIOMEK® 1000 is shown. This work- 
station has been described in detail in copending 
U.S. patent application Serial No. 07/383.299 also 
assigned to the assignee of the present invention. 
For purposes of discussion of the present invention 

50 herein, only the relevant components of the auto- 
mated laboratory workstation 30 shown in Fig. 4 
will be described. 

The workstation 30 comprises a base 32 on 
which a tablet 34 is moved horizontally (arrow X) 

56 by stepping motors (not shown). The tablet 34 
supports a number of tool stands 36 for holding 
various tools, for example multiple-port pipette 38; 
a tray 40 for holding for example pipette tips 42; 
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multi-well titer plates 44; a reservoir 46 for holding 
solutions; and other labwares required for carrying 
out a sequence of laboratory operations. A tower 
48 vertically extends from the base 32. A horizon- 
tally supported arm 50 can be moved vertically 
(arrow Z) along the tower 48. A robot hand 52 is 
supported at the end of the arm 50. The robot hand 
52 is designed to pick up and manipulate the tools 
38. The robot hand 52 is movable horizontally 
along the arm 50 in a transverse direction (arrow Y) 
with respect to the tablet 34 horizontal movement 
(arrow X). It can be seen that through the com- 
bined vertical (Z). horizontal (X) and transverse (Y) 
motions of the arm 50. tablet 34 and robot hand 52, 
respectively, a series of laboratory steps can be 
sequentially performed, for example pipetting a de- 
sired quantity of reagent from reservoir 46 into the 
multi-well titer plate 44. The movements of the 
various robotic components are actuated by step- 
per motors and lead screws controlled by a mini- 
computer 54. 

The heated cover described above may be 
incorporated into the workstation 30 by an attach- 
ment 60 which is more cleariy shown in Figs. 5 and 
6. This attachment 60 will be referred to as a 
contact Incubator. The term "contact" is derived 
from the fact that the plate 62 of the device 60 
actually come Into intimate contact with the multi- 
well titer plate 44 that is to be incubated. The 
incubator 60 comprises a temperature controlled 
plate 62 which may be heated or cooled and a 
heated cover 64. As will be appreciated following 
the description of the incubator 60 below, by incor- 
porating the temperature-controlled plate 62 and 
cover 64 into the automated workstation 30, the 
heating and cooling requirements of a laboratory 
procedure such as incubation of DNA specimens 
can be programmed into the control 54 for the 
automated workstation 30 to allow the procedure to 
be carried out without further operator intervention. 

The cover 64 may have a structure similar to 
that described with respect to Figs. 2 and 3. Cover 
64 may be formed from resilient material to provide 
a s ea l w i th the up p er s u rface of th e titer p l at e ^4 



to position the multi-well titer plate 44 in between 
the jaws 66 and 70. the cover 64 and temperature 
controlled plate 62 can be "clamped" on the multi- 
well titer plate 44. At the clamped configuration, the 

s temperature controlled plate 62 is pressed against 
the bottom of the multi-well titer plate 44 and the 
cover 64 is pressed over the titer plate 44. The 
plate 62 therefore controls the temperature of the 
contents of the multi-well plate 44 and the cover 64 

70 reduces evaporation of the contents. It has been 
found that a cover temperature of 5"C above the 
temperature of the plate 62 is sufficient to reduce 
evaporation. 

The temperature controlled plate 62 may be 

75 made of resilient material and heated or cooled by 
embedded Peltier elements, resistance wires, or 
temperature controlled fluid circulated within the 
plate. The temperature control plate 62 can be 
preheated prior to clamping on the multi-well titer 

20 plate 44. This will enable a rapid temperature rise 
to be imparted to the multi-well plate 44 once the 
plate 62 comes into contact with the multi-well titer 
plate 44. Thereafter, the plate 62 is allowed to cool 
slowly by controlling the heating current Other 

25 desired heating and cooling profiles may be pro- 
grammed by suitable microprocessor control of the 
power supplied to the temperature control plate 62 
and to the cover 64. It has also been found that 
more rapid heating or cooling can be accomplished 

30 by incorporating graphite particles or metal par- 
ticles in the resilient material of the temperature 
controlled plate 62. 

The top surface of the temperature controlled 
plate 62 may be provided with wells which conform 

35 to the shape of the underside of the multi-well titer 
plate 44. This enables the plate 62 to come into 
close contact with the multi-well titer plate 44 for 
efficient temperature transfer. 

It is to be understood that in situations where 

40 the temperature of the multi-well titer plate 44 is 
not to be controlled, only Uie temperature of the 
cover 64 is controlled to reduce evaporative loss 
and the plate 62 Is either not clamped against the 
und e r s id e of th e multi - wol l plat e 44 or i s not ac - 



thereby sealing individual weljs 14. The cover 64 is 
supported by an upper jaw 66 which is pivoted to 
the frame 68 at pivot 67. The temperature-con- 
trolled plate 62 is supported on a lower Jaw 70 
which is pivoted to the frame 68 at pivot 69. A lead 
screw 72 driven by a motor 74 couples the ends 
76 and 78 of the jaws 66 and 70 on the other side 
of the pivots 67 and 69. The ends 76 and 78 of the 
jaws may be drawn towards one another or moved 
apart by rotation of the lead screw 72, Such motion 
causes the jaws 66 and 70 to open or close, 
respectively. 

The incubator 60 Is attached to the base 32 of 
the workstation 30. Thus, by moving the tablet 34 



4S 



tivated. 

It can be seen tinat by integrating a 
temperature-controlled plate 62 and cover 64 in the 
automated workstation 30, the temperature of the 
contents of the multi-well titer plate can be ac- 

50 curately controlled and the evaporative loss of the 
contents can be reduced. A sequence of laboratory 
functions can be performed automatically witiiout 
operator intervention. For example, the sequence 
may include dispensing an initial amount of bio- 

55 chemical specimen Into the micro-well titer plate 
44, moving the tablet 34 to position the micro-well 
titer plate 44 in between the jaws 66 and 70 of the 
Incubator 30, clamping tiie multi-well titer plate 44 
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to begin a temperature-controlled incubation cycle, 
withdrawing the multi-well titer plate 44 from the 
incubator 60 for addition of specinnens or reagents, 
further incubation, and other desired laboratory pro- 
cedures to be performed to the contents of the 
multi-well titer plate 44. 

While the invention has been described with 
respect to the illustrated embodiments In accor- 
dance therewith, it will be apparent to those skilled 
in the art that various modifications and improve- 
ments may be made without departing from the 
scope and spirit of the invention. It will be appre- 
ciated that the size and shape of the heated cover 
may be selected depending on the' size and shape 
of the receptacle. Instead of sandwiching the heat- 
ing element between two plates, the heating ele- 
ment may be disposed on one side of a plate or 
embedded within a slab. Other means of heating 
the cover plate may be utilized. The clamping 
mechanism may be incorporated in other types of 
workstations or used as a stand-alone contact In- 
cubator. The clamping mechanism may be caused 
to move by the workstation to approach a station- 
ary receptacle. The Jaws of the clamping mecha- 
nism may be independently actuated using sepa- 
rate controls. Accordingly, it is to be understood 
that the invention is not to be limited by the spe- 
cific illustrated embodiments, but only by the 
scope of the appended claims. 

Claims 

1. A device for covering a receptacle which con- 
tains a vaporizable substance, the device com- 
prising: 

cover means configured to cover the recepta- 
cle for substantially preventing escape of vapor 
from the receptacle; and 
means for controlling temperature of the cover 
means to above the temperature of the sub- 
stance in the receptacle. 

2. A device as in claim 1 wherein the means for 
c ontrolling temperature comprises mQan.<^ for 



10 



comprises a temperature controlled base con- 
figured to be positioned against the bottom of 
the receptacle to effect temperature control of 
the substance. 

6. A device as in claim 5 further comprising 
means for moving the temperature controlled 
base relative to the receptacle to position the 
base against the bottom of the receptacle. 



7. A device for covering a receptacle containing a 
vaporizable substance subject to temperature 
control, the device comprising: 

a base configured to be positioned against the 
75 receptacle and having means for effecting tem- 

perature control of the substance: 
means for moving the base relative to the 
receptacle to position the receptacle for tem- 
perature control: and 
20 a cover configured to be placed over the re- 

ceptacle for reducing evaporative loss. 

8. An automated laboratory workstation compris- 
ing: 

25 a receptacle containing a vaporizable sub- 

stance; 

robotic means for performing a sequence of 
laboratory operations with respect to the re- 
ceptacle; 

30 a cover for covering the receptacle to reduce 

evaporative loss of the substance contained 
therein, the cover including means for effecting 
temperature change of the cover; and 
control means for controlling the operations of 

35 the robotic means and cover. 

9. An automated laboratory workstation as in 
claim 8 further comprises means for effecting 
temperature control of the substance in the 

40 receptacle and wherein the control means also 

controls the operation of said means for effec- 
ting temperature control, 

10. An automated w orkstation as in claim 9 



heating the cover means. 

3. A device as in claim 2 wherein the means for 
controlling temperature further comprises feed- 
back means for controlling the means for heat- 
ing to heat the cover means to a desired 
temperature. 

4. A device as in claim 1 further comprising 
means for controlling the temperature of the 
substance. 

5. A device as in claim 4 wherein the means for 
controlling the temperature of the substance 



45 wherein the temperature of the cover Is main- 

tained above the temperature of the substance. 

11. A method of covering a receptacle containing a 
vaporizable substance, the method comprising 

50 the steps of: 

providing a cover for the receptacle that sub- 
stantially prevents escape of vapor from the 
receptacle; and 

controlling the temperature of the cover to 
55 above the temperature of the substance in the 

receptacle. 

12. A method as in claim 11 further comprising the 
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step of providing automatic control to control 
the covering of the receptacle. 
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® Heated cover device. 



® A heated cover (18) for a receptacle containing a 
vaporizable substance. The cover is heated to a 
temperature above the temperature of the substance 
so as to prevent condensation of vapor evaporated 
from the substance. A device for placing and remov- 



ing the cover (18) with respect to the receptacle is 
designed in connection with a temperature-controlled 
heating/cooling plate (24) which controls the tem- 
perature of the contents of the receptacle. 
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